Investigation of battery active nickel oxides  first quarterly report, 11 jun. - 11 sep. 1964 by Ritterman, P.
Prepared By: 
NASA C R 5 4 1 9 6  
INVESTIGATION OF 
BATTERY ACTIVE NICKEL OXIDES 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
CONTRACT NO. N A S - 3 4 1 7 8  
NASA LEWIS RESEARCH CENTER 
F I R S T  QUARTERLY REPORT 
June 11, 1964 to  S e p t .  11, 1964 
A p p r o v e d  B y :  
P .  R i t t e r m a n  
R e s e a r c h  C h e m i s t  
H .  N .  S e i g e r  
D i r e c t o r  of R e s e a r c h  
GULTON INDUSTRIES, INC e 
A l k a l i n e  B a t t e r y  D i v i s i o n  
Metuchen, N e w  Jersey 21 
https://ntrs.nasa.gov/search.jsp?R=19650000446 2020-03-17T00:26:00+00:00Z
TABLE OF CONTENTS 
I. 
111. 
ABSTRACT 
INTRODUCTION 
A. PURPOSE 
B. MEETINGS 
C. LITERATURE SURVEY 
OUTLINE OF PROGRAM 
A. PHASE I. 
1. Literature Survey 
2. Construction of Test Cells 
3. Treatment 
4 .  Methods of Analysis 
B. PHASE 11, 
C. PHASE 111. 
1. Literatare Search 
2 .  Stable Oxide Synthesis, Test and Analysis 
3. Electrode Preparation and Cell Fabrication 
4 .  Stabilized Oxide Cell Testing 
EXPERIMENTAL RESULTS 
A. EXPERIMENTAL PROCEDURE 
1. Preparation of Plates 
2. Construction of Cells 
3. Cycling of Sintered Plate Cells 
4 .  Preparatory Self-Discharge Measurements 
and Analysis of Sintered Plate Cells 
5. X-Ray Diffraction Measurements 
6 .  Differential Thermal Analysis 
7. Chemical Analysis 
1 
2 
2 
2 
3 
7 
7 
7 
7 
8 
8 
10 
12 
12 
12 
12 
12 
13 
13 
13 
14 
14 
15 
16 
17 
17 
C L 
TABLE OF CONTENTS 
(Continued) 
B. DATA 
1. Cycling of S in t e red  P l a t e s  
2. Prepara tory  Self-Discharge Measurements 
and Analysis  
Tests of  P l a t e s  and Nickel  Hydroxide by 
X-ray Analysis  
3 .  
4 .  D i f f e r e n t i a l  Thermal Analysis  
5. Spec ia l  T e s t  - Tubular P l a t e s  
- 
C. DISCUSSION 
1. Cycling of  S in t e red  P l a t e s  
2.  Prepara tory  Self-Discharge Measurements 
and Analysis  
3. Spec ia l  Tests- Charged and Discharged P l a t e s  
4 .  D i f f e r e n t i a l  Thermal Analysis  
WORK PLANNED FOR THE SECOND QUARTER 
A. 
B. 
c. 
D. 
E. 
F. 
ANALYSIS OF X-RAY PATTERNS 
PREPARATION OF POCKET PLATE CELLS AND TESTING 
SPECIAL TESTS TO DETERMINE DIFFERENCE EFFECT ON 
POSITIVE PLATE CHARACTERISTICS BETWEEN SEALED 
AND VENTED CHARGE 
THE EFFECTS OF SEVERAL ATMOSPHERES ON D.T.A. 
STUDIES 
SHELF LIFE TESTS FOR SINTERED PLATE POSITIVES 
WILL CONTINUE 
WORK ON FAST DECAY OXIDE STUDIES - PHASE I1 - 
WILL BEGIN 
PAGE 
17  
17 
18 
19 
20 
21 
2 1  
21 
22 
23 
25 
26 
26 
26 
26 
27 
27 
27 
. 
TABLE OF CONTENTS 
( C o n t i n u e d )  
v, MAN HOURS 
APPENDIX I. MIXED SOLUTION ELECTRODES 
APPENDIX 11. MECHANICAL SWITCH FOR X-Y RECORDER 
TABLE ti FIGURES 
TABLE I. CYCLING DATA 
TABLE 11. X-RAY "D" SPACINGS 
FIGURE 1 
FIGURE 2 
FIGURE 3 
FIGURE 4 
FIGURE 5 
FIGURE 6 
FIGURE 7 
FIGURE 8 
FIGURE 9 
FIGLXE 10 
FIGURE 11 
FIGURE 12 
FIGURE 13 
FIGURE 14 
FIGURE 15 
FIGURE 16 
@ FIGURE 1 7  
D.T,A, HEATING BLOCK 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 2 1  (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 2 1  (DRY) 
X-RAY PATTERN FROM POSITIVE OF CELL NO, 5 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 5 (DRY) 
X-RAY PATTERN F R W  POSITIVE OF CELL NO. 20 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 20 (DRY) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 28 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 28 (DRY) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 15 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 15 (DRY) 
X-RAY PATTERN F R W  POSITIVE OF CELL NO. 27 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 27  (DRY) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 24 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 24 (DRY) 
X-RAY PATTERN FROM POSITIVE OF CELL NO, 10 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 10 (DRY) 
PAGE 
28 
-
29 
31 
32 
33 
TABLE OF CONTENTS 
(Continued) 
FIGURE 18 
FIGURE 19 
FIGURE 20 
FIGURE 2 1  
FIGURE 22 
FIGURE 23 
FIGURE 24 
FIGURE 25 
FIGURE 26 
FIGURE 2 7  
FIGURE 28 
FIGURE 29 
FIGURE 30 
FIGURE 31 
FIGURE 32 
FIGURE 33 
FIGURE 34 
FIGVRE 35 
FIGURE 36 
FIGURE 37 
FIGURE 38 
FIGURE 39 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 25 (WET) 
X-RAY PATTERN FROM POSITIVE OF CELL NO. 25 (DRY) 
X-RAY PATTERN FOR UNIMPREGNATED SINTERED NICKEL PLATE 
X-RAY PATTERN FOR NI(OH)Z POWDER 
X-RAY PATTERN FOR POLYETHYLENE SHEET 
X-RAY PATTERN FOR UNIMPREGNATED SINTERED NICKEL PLATE COVERED 
WITH POLYETHYLENE SHEET 
X-RAY PATTERN FOR CHARGED PLATE (WET) 
X-RAY PATTERN FOR CHARGED PLATE (DRY) 
X-RAY PATTERN FOR DISCHARGED PLATE (WET) 
X-RAY PATTERN FOR DISCHARGED PLATE (DRY) 
DTA DIAGRAM FOR NI(N03)2 .6H20 
DTA DIAGRAM FOR Ba(N0 ) 
DTA DIAGRAM FOR Ni(OH)2 POWDER 
DTA DIAGRAM FOR N i O  POWDER 
DTA DIAGRAM FOR DISCHARGED PLATES NO STAND 
DTA DIAGRAM FOR DISCHARGED PLATE NO STAND 
DTA DIAGRAM FOR DISCHARGED PLATE 48 HOUR STAND 
DTA DIAGRAM FOR CHARGED PLATE - UNFORMED 
3 2  
DTA DIAGRAM FOR CHARGED PLATE - FORMED 
DTA DIAGRAM FOR CHARGED PLATE - FORMED 24 HOURS STAND 
TYPICAL DISCHARGE CURVE 
TECHNICAL WORK PLAN FOR INVESTIGATION OF BATTERY ACTIVE OXIDES 
ABSTRACT 
1. 
,&? 
A l i t e r a t u r e  review of recent  a r t i c l e s  dea l ing  with the  
chemical s t r u c t u r e  and composition of the  n i cke l  oxide e l ec t rode  i s  
presented.  The e n t i r e  program for  t h i s  p r o j e c t  i s  ou t l ined ,  and the  
work completed during the  f i r s t  qua r t e r  i s  discussed.  S in te red  p l a t e  
n i c k e l  oxide e lec t rodes  completed a l l  formation cycl ing.  I n i t i a l  
da t a  f o r  s e l f  discharge s tand i s  given f o r  10, 25 and 5OoC. X-ray 
d i f f r a c t i o n  p a t t e r n s  of  t he  charged n i c k e l  oxide e l ec t rodes  a r e  
given. 
2. 
I INTRODUCTION 
A,  PURPOSE 
Work performed under t h i s  cont rac t  w i l l  be d i rec ted  (1) 
toward an i d e n t i f i c a t i o n  of the n i c k e l  oxide compounds formed during 
charge of the electrode;  (2) t o  determine when they a r e  formed; (3) 
t o  determine which f ac to r s  (such as current  dens i ty  and temperature) 
a f f e c t  the charge process;  ( 4 )  t o  r e l a t e  the she l f - lo s s  process t o  
these  compounds, and (5) t o  determine the compounds which disappear 
during discharge of these  electrodes e 
After  the  forms of nickel  oxide present  have been es tab l i shed ,  
a fu r the r  e f f o r t  w i l l  be directed toward s t a b i l i z a t i o n  of the n i c k e l  
oxides during high temperature stand. 
B. MEETINGS 
On September 1, 1964, a meeting w a s  held with M r .  W. Nagel 
of NASA L e w i s .  Messrs. M. Lurie, P. Ritterman and D r s .  R. C. Shair  
and H. N .  Seiger represented Gulton Indus t r ies .  The meeting took 
place a t  Gulton Indus t r i e s ,  Metuchen, New Jersey .  
The following was decided: 
1. In  general ,  the  work plan w i l l  continue a s  scheduled. 
2 .  An addi t iona l  series of experiments w i l l  be run t o  de te r -  
mine i f  t he re  is  any d i f fe rence  i n  the c h a r a c t e r i s t i c s  
of the p o s i t i v e  electrode between a sealed and vented 
charge. 
3 .  The e f f e c t s  of several  atmospheres on d i f f e r e n t i a l  thermal 
ana lys i s  w i l l  be included i n  the  program. These w i l l  be 
i n e r t ,  oxidizing and reducing atmospheres. 
3. 
C. LITERATURE SEARCH 
1 Bibliography 
The following articles constitute the bibliography on 
electrochemically formed nickel oxides. 
a, Investigation of the Sintered Plate Nickel-Cadmium 
Battery. 
Final Report - Sandia Corp, - 1958 
A. J. Salkind, P. F. Bruins 
b. Nickel-Cadmium Cells I. Thermodynamics and X-Ray Studies 
A. J. Salkind, P. F. Bruins J. of Electrochemical Soc. 
Val. 109 NO. 5 P. 356-360 
c. Investigations on the Reaction Mechanism of the 
Nickel-Cadmium Cell, S. Uno Falk - J. Electrochemical SOC. 
V O l .  107 NO. 8 P. 661-667 
d. X-Ray Studies of Divalent and Trivalent Nickel Compounds 
Cairns and Ott. J. American Chemical SOC. 55, 527 (1933) 
and 55, 533 (1933) 
e. The Structure of Higher Nickel Hydroxides 
Glemser and Einerhand - Zeitschrift Fur Anorganische Cheme 
261 (1950) P. 43-51 
f. Chemical Processes at the Electrodes of Electrochemical 
Sources of Current. H. Bode - Angew. Chem. 73 (1961) 
553-60 
g. The Significance of EMF Decay Measurement; Application 
to Nickel Oxide Electrode. 
Trans. Faraday Society 58, 593-607 (1962) 
Conway and Bourgault. 
4. 
h .  Open C i rcu i t  Studies Highly Oxidized N i O  Surface 
Absorbed 0 Radicals - Conway and Bourgault 
Canadian Journal of Chemistry 38, (1960) 1557-75. 
2 
i. Alkal ine Storage B a t t e r i e s  - the  Se l f  Discharge of 
t he  Pos i t i ve ly  Charged Nickel Oxide Electrode 
Pitman and Work - Naval Research Laboratory NRL repor t  
4844, 4845. 
j .  H.  N .  Seiger and R. C.  Sha i r ,  Paper presented a t  the 
Electrochemical Society Meeting, F a l l ,  1962, De t ro i t .  
k. The Nickel Oxide Electrode - 3. G. W .  D. Briggs and 
W. F. K. Wynne Jones - Trans. of Faraday Society 
NO. 405, Vol. 59 (1956) 1272 - 1281. 
1. The Higher Nickel Hydroxide; the Oxidation of  Nickel P I  
Hydroxide. Feitknecht , Chris ten and Studer . Z .  Anorg. 
U. Allgem. Chem. 283 (1956) P. 88-95. 
2 .  Review of L i t e ra tu re  
Although var ious exot ic  compounds of n i cke l ,  oxygen and 
hydrogen were discussed and prepared by Cairn and O t t ,  Glemser 
and Einerhand and a number of o ther  i n v e s t i g a t o r s ,  it w a s  never 
s t a t e d  t h a t  these  were found t o  correspond t o  any p a r t i c u l a r  
s ta te-of-charge of t he  p o s i t i v e  p l a t e .  For the  most p a r t  
these  authors  (Cairns,  O t t ,  Glemser, Einerhand) concentrated 
on the  chemical oxidation of n i cke l  hydroxide r a t h e r  than 
electrochemical .  
Compounds which were claimed t o  have been found due t o  
charge and discharge of a n i cke l  hydroxide e l ec t rode  a r e  
NiOOH,  N .  O3 - 2 H20 ,  O3 H20, Ni(OH)2, N .  0 (OH)4, 6 NiOOH 
l 2  13 
The most recent  works on t h i s  subjec t  were by Salkind 
and Bruins and Uno Falk. These au thors  present  da t a  ind i -  
ca t ing  only /  NiOOH and N i ( O H ) 2  under ordinary charge and 
discharge condi t ions.  Under extreme overcharge condi t ions  
Salkind found t h a t  N. 0 'H20 i s  a l s o  formed. l 2  3 
were obtained a t  var ious s t a t e s  of charge and temperatures 
by x-ray d i f f r a c t i o n  measurement. There is  a discrepancy 
between Salkind and Falk on the  one hand, and o ther  authors  
which the  former inves t iga to r s  a t t r i b u t e d  to d i f f e r e n t  pro- 
cedures used i n  preparing the  p o s i t i v e  p l a t e s  f o r  x-ray 
ana lys i s .  
enabled x-ray work t o  be done on p l a t e s  w e t  wi th  hydroxide. 
The o ther  authors  washed and d r i ed  t h e i r  p l a t e s  which could 
have caused the  formation of o ther  n i cke l  oxide compounds. 
These r e s u l t s  
Salkind and Fa lk  arranged s p e c i a l  c e l l s  which 
The "graphi t ic"  level, o r  second discharge l eve l ,  cor -  
responding t o  a plateau a t  a c e l l  vo l tage  of 0 . 7  v o l t s  has 
been hypothesized a s  Ni302(0EE)4. 
not found by Falk or Salkind a t  any s ta te -of -charge .  
This compouPd, however, was 
The ex is tance  of higher oxides he lp  expla in  an excess 
capac i ty  of 10% - 15% found upon discharge of f r e s h l y  charged 
p l a t e s .  The workers about the  t u r n  of t he  century,  and more 
r e c e n t l y  Bode, have speculated the  ex is tance  of t h e  uns tab le  
and amorphous compound Ni02. 
The work of Pitman and Work a t t r i b u t e  t h e  10% excess 
capac i ty  t o  adsorbed oxygen. They a l s o  claim t h a t  the  so- 
c a l l e d  "graphitic" leve l  i s  due t o  adsorbed oxygen on the  
discharged Ni(OH)2.  
5. 
6 .  
Conway and Bourgault a t t r i b u t e  the  excess capac i ty  t o  a 
monolayer sur face  phase of adsorbed oxygen-containing r a d i a l s  
such a s  0, OH on the  conducting metal sur face ,  o r  a higher 
oxide of n i cke l .  They found t h a t  the  volume of oxygen evolved 
from t h i s  phase corresponds t o  less than a monolayer of sur -  
f ace .  
I n  t h i s  laboratory it  was shown t h a t  upon charge the re  
a r e  formed uns tab le  compounds. One of t he  "compounds" may be 
adsorbed oxygen. 
and oxygen evolut ion r a t e  was found. Recently,  workers here 
have suggested a k i n e t i c  approach which may reso lve  the  oxygen 
l o s s  on s tand with po ten t i a l .  
No d i r e c t  r e l a t i o n s h i p  between the  p o t e n t i a l  
To summarize: Recent work ind ica t e s  t h a t  Ni(OH)2 and 
/ NiOOH a r e  the  only compounds e x i s t i n g  i n  the  pos i t i ve  e l e c -  
t rode  of a nickel-cadmium b a t t e r y .  
capac i ty  i s  probably due t o  adsorbed oxygen. 
Increased electrochemical  
7. 
11. OUTLINE OF PROGRAM 
The program i s  divided i n t o  th ree  phases. 
out  using both s i n t e r e d  p l a t e  and tubular  p o s i t i v e  e l ec t rodes .  
e l ec t rodes  wi th  g raph i t e  a s  the only contaminate can be r e a d i l y  analyzed 
chemically.  
It is  e spec ia l ly  important when analyzing compounds which a r e  uns tab le ,  
and consequently requi re  r a p i d  separa t ion .  
A. PHASE 1. 
It i s  being c a r r i e d  
Tubular 
This avoids the  unknowns introduced by use of a n i c k e l  base. 
1. L i t e r a t u r e  Survey 
A review was  made of cu r ren t  l i t e r a t u r e  per ta in ing  t o  
s t r u c t u r e  of the  n icke l  oxide e l ec t rode .  
i n  Sect ion I - C  above. 
2. Construction of Test Ce l l s  
The review appeared 
a .  P l a t e s  
Pos i t i ve  p l a t e s  manufactured e n t i r e l y  by Gulton 
Indus t r i e s  w i l l  be used. 
i) Sin tered  P l a t e s  - Sintered  p l a t e s  w i l l  a l l  be 
impregnated a t  the  same t i m e  wi th  Ni(M03)2 
which w i l l  then be converted chemically t o  Ni(OH)2.  
ii) Pocket Plates - Ni(OH)2 w i l l  be prepared from the  
same batch of Ni(N03I2 used i n  impregnation of 
s in t e red  p l a t e s .  
g raphi te  and packed i n t o  s t a i n l e s s  s t e e l  pockets.  
The N i ( 0 H ) Z  w i l l  be mixed with 
b. C e l l  Stacks 
Pos i t i ve  p l a t e s  w i l l  be combined with s i n t e r e d  p l a t e  
negat ive e lec t rodes  t o  form cores  or  s t acks .  The 
core  configurat ion w i l l  be two p o s i t i v e  and th ree  
negat ive f o r  t he  s i n t e r e d  type,  one p o s i t i v e  and two 
8 .  
negatives for the  pocket type. 
3. Treatment 
Th i r ty  cores  of each type w i l l  be constructed and cycled 
using 34% KOH a s  e l e c t r o l y t e  v i a  the  following regime. 
a.  Shorted t o  V = 0 f o r  24 hours. 
b. Constant current  charge 140% a t  5 hour r a t e .  
c .  Discharge a t  3 hour r a t e  t o  0 v o l t s .  
This cyc le  w i l l  be repeated f i v e  times. 
Twenty-one c e l l s  c l o s e s t  i n  capac i ty  based on r e s u l t s  of 
the 5 th .  cyc le  w i l l  be chosen from each group of 30. These 
i n  t u r n  w i l l  be divided i n t o  h ighes t ,  middle and lowest 
t h i r d s .  Seven 3 c e l l  groups w i l l  be made with one c e l l  
from each t h i r d  p e r  group. 
A l l  of the  above c e l l s  w i l l  be charged a t  C/10 t o  200% 
of capac i ty  i n  a mineral o i l  bath a t  25OC. 
One group w i l l  have i t s  pos i t i ves  analyzed 24 hours follow- 
ing charge. 
5OoC, and two remain a t  25OC. After  a 24 hour s tand,  one 
group of cells  a t  5OoC and one group a t  10°C w i l l  be d i s -  
charged a t  the  3 hour r a t e  t o  V = 1.25V and t h e i r  pos i t i ves  
analyzed. The remaining groups w i l l  s tand ,  covered t o  avoid 
formation of carbonates,  a t  t h e i r  respec t ive  temperatures 
f o r  3 months. A t  t h i s  time the  pos i t i ve  p l a t e s  w i l l  be 
analyzed . 
4. Methods of Analysis 
Two groups w i l l  be cooled t o  10°C, two heated t o  
The pos i t i ve  p la tes  w i l l  be analyzed by chemical means, 
x-ray d i f f r a c t i o n ,  d i f f e r e n t i a l  thermal ana lys i s ,  and spec t ro-  
graphica l ly .  
9. 
a .  Chemical Means 
The compounds of n i c k e l  e x i s t i n g  on the  pos i t i ve  
p l a t e  can cons i s t  only of n i cke l ,  oxygen and hydro- 
gen i n  varying proport ion.  By q u a n t i t a t i v e  determ- 
i n a t i o n  t h e  formula weight of t he  compound type 
N i x  0 H can be determined. Chemical ana lys i s  
w i l l  be made only on the  pocket p l a t e s  f o r  the  rea-  
sons s t a t e d  previously.  
The following determinat ions w i l l  be made: 
i. To ta l  Hydroxide - Afte r  removal from the  c e l l  
Y =  
t he  pos i t i ve  p l a t e  w i l l  be wiped dry of exter- 
n a l  KOH, allowed t o  d r a i n  by g r a v i t y  and then 
opened. An a l i q u o t  of the  poxi t ive  m i x  w i l l  be 
placed i n  a f l a s k  and t i t r a t e d  with s tandard s u l -  
f u r i c  acid.  
ii. Hydroxide Due t o  KOH - Another sample i s  t r e a t e d  
as above except t h a t  it w i l l  be leached and the  
s o l i d  m a t e r i a l  f i l t e r e d  o f f .  
is  t i t r a t e d  with s u l f u r i c  ac id .  
iii. Oxygen - A t h i r d  sample w i l l  be washed and d r i ed ,  
weighed and then dissolved i n  H2S04 and H I .  
l ibera ted  iodine w i l l  be t i t r a t e d  with Na2S203. 
i v .  Nickel - A fou r th  sample w i l l  be washed, d r i ed ,  
The remaining l i qu id  
The 
weighed and then dissolved i n  ac id .  
ing  pH the Ni+2  i s  p r e c i p i t a t e d  from bas ic  s o l u t i o n  
with dimethylglyoxime. 
Af te r  ad jus t -  
t 
10. 
v .  Hydrogen - A f i f t h  sample w i l l  be washed, d r i ed ,  
weighed, mixed with K2Cr04 and PbCrOq and heated 
t o  600OC. The water vapor then produced w i l l  be 
captured i n  a weighed drying tube. 
b. X-Ray Dif f rac t ion  
Both the  s in t e red  and pocket p l a t e s  w i l l  be i n v e s t i -  
gated using x-ray d i f f r a c t i o n .  
both "wet" and dry.  The w e t  samples a r e  those taken 
out  of the  c e l l  and wrapped with polyethylene.  The 
d ry  samples  a r e  vacuum d r i e d  before  x-ray a n a l y s i s .  
Af t e r  an x-ray p a t t e r n  i s  taken the  d spacings w i l l  
be ca lcu la ted  and compared t o  s tandards.  
Samples w i l l  be run 
c.  D i f f e r e n t i a l  Thermal Analysis 
The p l a t e  sample i s  ground t o  a powder and placed i n  
a s t a i n l e s s  s t e e l  block containing 3 thermocouples. 
Another hole i n  the  block conta ins  powdered alumina. 
The thermocouples a r e  so arranged t h a t  t he re  is  a 
response t o  any r e a c t i o n  o r  t r a n s i t i o n a l  change of 
the  sample. The alumina undergoes no phase change 
u n t i l  2O5O0C when it melts. 
33. PHASE 11. 
The same type of cores used i n  Phase I w i l l  be employed again.  
Th i r ty - s ix  of each type w i l l  be made. 
C/10 rates. A t  both these  r a t e s ,  cores  w i l l  be subjected t o  the  follow- 
Charges w i l l  be run  a t  t h e  C and 
ing t reatment .  
1. Charge t o  200% of capac i ty  based on the  po in t  a t  which 
vigorous gassing is  noted of f  t h e  p o s i t i v e  p l a t e s  equal  t o  
100% charge.  
2 .  Charge another group 10% beyond vigorous gassing poin t .  
3 .  Charge a t h i r d  group 2 0 %  l e s s  than previous groups re- 
quired t o  reach vigorous gassing. 
4. Charge ZOO%, discharge leaving 50% of capac i ty .  
5. Charge ZOO%, discharge leaving 25% of capac i ty .  
6. Charge ZOO%, discharge t o  a vo l tage  less than .2  v o l t  
versus  a Hg/HgO e lec t rode  which s i g n i f i e s  a f u l l y  discharged 
pos i t i ve .  
A 24 hour s tand w i l l  be given a l l  these  groups before  analy- 
sis. 
ce l l s /group = 36 c e l l s  of the  s in t e red  type and 36 cells of t h e  pocket 
type 
Three cel ls  w i l l  comprise a group. Thus 2 r a t e s  x 6 groups x 3 
The uns tab le  oxides of n i cke l  must be i d e n t i f i e d  r ap id ly  a f t e r  
cells  a r e  charged. 
The c e l l  w i l l  be assembled within a polyethylene bag. Such a c e l l  f i t s  
i n t o  the  goniometer of Gulton's x-ray d i f f r a c t i o n  u n i t .  
apparatus the  c e l l  w i l l  be charged a t  the  1 hour r a t e .  
For t h i s  purpose a 2 p l a t e  c e l l  w i l l  be prepared. 
While i n  the  
While i n  overcharge, when uns tab le  oxides a r e  rorrned, a d i f -  
f r a c t i o n  p a t t e r n  can be made using the  G-M counter .  When s t range  l i n e s  
are found the  goniometer can be turned t o  the  appropr ia te  angle f o r  the  
most pronounced of these  l ines .  Then without scanning, the  charge cu r ren t  
can be in t e r rup ted  and the  disappearance of the  s t range  l i n e  followed 
with respec t  t o  time. By planning a s e r i e s  of these  experiments f o r  a 
reasonable number of the  s t range l i n e s ,  and a l s o  scanning while the  s e l f  
discharge i s  occurr ing,  i t  may then be poss ib le  t o  i d e n t i f y  the  uns tab le  
oxides of n i cke l .  A t  l e a s t  the ground-work f o r  such i d e n t i f i c a t i o n  w i l l  
be set .  
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C .  PHASE 111. 
1. L i t e r a t u r e  Search 
A survey w i l l  be made t o  determine whether oxides o r  
hydroxides s imi la r  to those found i n  the n icke l  e lec t rode  
have been s t a b i l i z e d  f o r  higher temperature tolerance.  
w i l l  a l so  determine whether mechanisms of the  kind prevalent 
may be a l t e r e d  by any chemical o r  physical  means. 
2 .  Stable  Oxide Synthesis, T e s t  and Analysis 
It 
The n icke l  oxides w i l l  be prepared and t e s t ed  by immer- 
s i o n  i n  a l k a l i n e  ba t te ry  e l e c t r o l y t e  a t  40, 50, and 6OoC f o r  
a length of time deemed necessary t o  perceive change i n  com- 
pos i t ion .  The samples w i l l  then be analyzed by the  standard 
techniques before and a f t e r  soaking. 
3 .  Electrode Preparation and C e l l  Fabr ica t ion  
Any method of s t ab le  oxide synthes is  found successful  
s h a l l  be used t o  prepare s i n t e r e d  p l a t e  n icke l  oxide e lec-  
t rodes.  These electrodes s h a l l  be used t o  f ab r i ca t e  n icke l -  
cadmium test c e l l s .  The cel ls  s h a l l  be formed a s  i n  Phase I 
by a series of 5 charge-discharge cycles .  
4 .  Stabi l ized  Oxide C e l l  Test ing 
Two c e l l s  f o r  each s t a b i l i z a t i o n  method s h a l l  be cycled 
a t  5OoC, the  cycl ing t o  be as above. 
c e l l s  s h a l l  be cycled a t  7OoC. 
e r a tu re s ,  the c e l l s  s h a l l  be cycled again a t  25OC f o r  5 
charge-discharge cycles.  Then they s h a l l  be charged f u l l y  
and s tored  f o r  a su i t ab le  period of t i m e  a t  5OoC t o  a s c e r t a i n  
the  change i n  r a t e  a t  which capaci ty  is  l o s t .  
S imi la r ly ,  two other  
After  t e s t i n g  a t  these temp- 
. . 
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111. EXPERIMENTAL RESULTS 
A .  EXPERIMENTAL PROCEDURE 
1. Prepara t ion  of P la t e s  
a. S in te red  P la tes  
A l l  s i n t e red  p l a t e s  0.035" x 2-1/8" x 1-7/8" were 
impregnated a t  one t i m e  by the  continuous impregna- 
t i o n  method of Gulton Indus t r i e s .  
an average of 2.6 grams a s  Ni(OH)2. 
Each p l a t e  gained 
b. Pocket P la tes  
From the  batch of N i ( N 0 3 ) 2  used t o  impregnate s i n t e r e d  
p l a t e s  described above, a po r t ion  w a s  taken and com- 
bined with a s l i g h t  excess of KOH t o  p r e c i p i t a t e  Ni (OH)2 .  
The p r e c i p i t a t e  was washed by decanta t ion  and then f i l -  
t e r ed  through Buchner funnel .  The p r e c i p i t a t e  was f u r -  
t h e r  washed i n  the  Buchner funnel  and then a i r  d r i ed  a t  
5OoC f o r  3 days. The d r i ed  p r e c i p i t a t e  was ground i n t o  
a powder i n  a mortar and p e s t l e .  F i n a l l y  it was s i f t e d  
through a 80 mesh sieve. 
The p r e c i p i t a t e  w a s  combined wi th  number 2M f l a k e  g raph i t e  
obtained from the  Asbury Graphi te  Company i n  r a t i o  of 7 
p a r t s  n i cke l  hydroxide t o  3 p a r t s  g raph i t e .  The mixture 
was b a l l  milled with the mortar and p e s t l e  and then 
wetted with KOH t o  form a very th i ck  pas t e .  The wet 
N i ( O H ) 2  m i x  was then tamped i n t o  a hollow per fora ted  
s t a i n l e s s  s t e e l  cy l inder  1/4" O.D.  x 4-1/2"* 
. 
L 
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2 .  Construction of Ce l l s  
a .  Sintered P la t e s  
Two pos i t i ve  p l a t e s  were combined with 3 negat ive 
p l a t e s  o f  the same dimension and with non-woven nylon 
separa tor  made i n t o  a c e l l  core .  The core  was placed 
i n t o  a p l a s t i c  conta iner ,  shimmed t i g h t l y  and then 
flooded with 34% KOH e l e c t r o l y t e .  
have been constructed.  
Th i r ty  such cells 
b. Pocket P la tes  
Because of d i f f i c u l t y  i n  obta in ing  conduct ivi ty  of 
these  p l a t e s ,  which has now been resolved,  we have 
not reached the  poin t  of cons t ruc t ing  cells  from these  
p l a t e s .  We a r e  c u r r e n t l y  bui ld ing  p l a t e s .  
3 .  Cycling of Sintered P l a t e  C e l l s  
Since these  cells had never seen c u r r e n t ,  it was decided 
t o  give them two constant cur ren t  charge-discharge cyc les .  
The f i r s t  cyc le  involved a 24 hour sho r t ing  period followed by 
a charge a t  0.300 amperes f o r  9 hours.  The subsequent d i s -  
charge was c a r r i e d  out  a t  0.500 amperes t o  0.0 v o l t s .  The 
second cyc le  s t a r t e d  again with a 24 hour s h o r t .  
charge was a t  0.300 ampere f o r  7 hours.  The second discharge 
was a t  0.500 ampere t o  0.0 v o l t s .  
The second 
Af ter  t h i s  preliminary cyc l ing  the  c e l l s  received 6 cyc les  
involving a constant  load discharge.  The 6 th .  cyc le  was ne- 
c e s s i t a t e d  by a temporary f a i l u r e  i n  recording equipment dur- 
ing the  previous cycle.  Each cyc le  cons is ted  of a 24 hour 
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s h o r t ,  a 7 hour charge a t  0.300 amps, a discharge through a 
2 . 4 R  r e s i s t o r  t o  a vol tage approaching zero. 
each cyc le  was individual ly  discharged through i ts  own 2.4-n 
r e s i s t o r .  Based on t h e  r e s u l t s  of t h e  6 th .  cyc le ,  21 ce l l s  
c l o s e s t  i n  capaci ty  were chosen out  of the  group of 30 cel ls .  
These were divided i n t o  th ree  groups: the  f i r s t  containing 
those 7 c e l l s  with the highest  capaci ty;  t he  second group 
with those 7 cells having the  lowest capaci ty;  and the  re- 
maining 7 ce l l s  cons t i t u t ed  t h e  l a s t  group. From these ,  7 
groups of 3 ce l l s  were formed with each group containing a 
high, middle and low ce l l .  
4. Preparatory Self  Discharge Measurements and Analysis of 
Each c e l l  on 
Sintered P l a t e  Cells 
The 21 ce l l s  selected a s  described above were placed i n  
an o i l  bath,  kept a t  25OC, and they w e r e  charged a t  0.150 A 
while thermostatted f o r  a period of 20 hours. One group of 
t h r e e  cells was allowed t o  stand on open c i r c u i t  f o r  24 hours 
a t  which point  these c e l l s  were taken apa r t  and the  p o s i t i v e s  
of two ce l l s  s to red  a t  25OC i n  KOH i n  the  o i l  bath.  The 
p o s i t i v e s  from the  t h i r d  c e l l  w e r e  immediately analyzed - 
one d ry  and one w e t  by x-ray d i f f r a c t i o n .  A d ry  p l a t e  is;  
one which was washed i n  d i s t i l l e d  water and vacuum dr i ed .  
A w e t  p l a t e  i s  one which w a s  immediately covered with a 
polyethylene bag. The other  p o s i t i v e s  were analyzed - one 
w e t ,  one dry 24 hours af terward,  and one 48 hours afterward. 
Two groups were removed a t  t h e  end of t he  20 hour charge 
period and stood on open c i r c u i t  a t  a temperature of 5OoG 
f o r  24 hours. A t  t h i s  t i m e  one group w a s  discharged a t  
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0.500 A t o  a voltage of 1.25 v o l t s .  
charged was taken apar t .  From t h i s  point  the  p l a t e s  were 
t r e a t e d  a s  25OC runs descr ibed above. 
group w i l l  remain a t  5OoC f o r  a per iod of 3 months, covered 
t o  avoid evaporation. Two groups were removed a t  the  end 
of the  20 hour charge and stood on open c i r c u i t  a t  10°C f o r  
24 hours.  
t r e a t e d  a t  the  25OC described above. 
remain on s tand  a t  10°C f o r  3 months. 
5 .  X-Ray Diff rac t ion  Measurements 
The group t h a t  was d i s -  
The undischarged 
One group was discharged t o  1.25 v o l t s  and a l s o  
The o ther  group w i l l  
I n  add i t ion  t o  the  da t a  described above, d i f f r a c t i o n  
p a t t e r n s  have been obtained from Ni(OH)2 unimpregnated 
p l a t e s ,  polyethylene shee t  charged p l a t e s  and discharged 
p l a t e s .  
The genera l  procedure f o r  ob ta in ing  an x-ray p a t t e r n  
was a s  follows: 
a .  Mount sample on sample holder 
b. Set  f u l l  sca le  equal  t o  c h a r a c t e r i s t i c  n i cke l  
peaks a t  1 . 7 6  Angstrom (28 = 51.2'). 
Set  i n  the  4' co l l imat ing  s l i t s  and s e t  t he  machine 
a t  a sweep r a t e  of 2' per minute. 
i s  s e t  equal t o  30 inches per hour.  
c .  
The c h a r t  speed 
d.  Calculate  "d" spacings by n = 2d s i n  8 
= 1.5374 A (A t a b l e  had been made of t h i s  f o r  
each 0.1' s tep) .  
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6 .  D i f f e r e n t i a l  Thermal Analysis 
The d i f f e r e n t i a l  thermal ana lys i s  device employed i n  
t h i s  laboratory uses a s t a i n l e s s  steel block and t h r e e  
chromel-alumel thermocouples (See Figure 1). One the r -  
mocouple i n  t h e  block records block temperature. The 
o ther  two a r e  s e t  i n  p o l a r i t y  opposi t ion t o  each o ther  and 
record temperature d i f fe rence  between sample and alumina 
s tandard.  
i n t o  the  sample compartment. When the  th ree  hole  block with 
Samples a r e  powdered and a weighed quan t i ty  packed 
i t s  thermocouples alumina and sample a r e  heated i n  an oven, 
a p l o t  of temperature d i f f e rence  versus  oven temperature i s  
obtained. T h i s  i s  achieved by a t tach ing  the  thermocouples 
from the  block to  the x-y recorder  a s  shown i n  Figure 1. 
7 .  Chemical Analysis 
Standard so lu t ions  f o r  n i cke l  ana lys i s ,  oxide t i t r a t i o n  
and KOH t i t r a t i o n  have been prepared. 
Ovens and a combustion tube f o r  hydrogen determinat ion 
have been purchased. 
Since t h e  tubular p l a t e s  have j u s t  been prepared, t he re  
a r e  no r e s u l t s  t o  repor t  from chemical ana lys i s  f o r  t h i s  
qua r t e r .  
DATA B. -
1. Cycling of Sintered P l a t e s  
The c a p a c i t i e s  expressed a s  t i m e  i n  minutes f o r  the  two 
prel iminary discharges and the  s i x t h  and f i n a l  cons tan t  load 
discharge cyc les  a r e  shown i n  Table I. 
taken t o  a zero volt cut -of f  f o r  t he  f i r s t  two cyc le s  and 
The c a p a c i t i e s  a r e  
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t o  the knee of the  f irst  vol tage  p la teau  f o r  the  s i x t h  con- 
s t a n t  load cycle .  The l e t t e r s  H, My L next  t o  c e l l s  i n  
Table I ind ica t e  tha t  these  were se l ec t ed  a s  the  matched 
capac i ty  curves ,  and a l s o  t o  which group they w e r e  rele- 
gated using t h e  l e t t e r s  f o r  "High","Medium" and ''Low" cap- 
a c i t y .  This i s  based on the  s i x t h  constant  load cyc le .  
2. Preparatory Self-Discharge Measurements and Analysis 
X-Ray d i f f r a c t i o n  p a t t e r n s  were taken of p o s i t i v e  p l a t e s  
on charged stand a t  room temperature (25O), e leva ted  tempera- 
t u r e  (5OoC) and cold temperature (10OC). 
x-ray p a t t e r n s  could be obtained i n  one working day, and 
because we wanted t o  ob ta in  both " w e t "  and "dry" p a t t e r n s  
a t  t h ree  temperatures f o r  High, Low, and Medium capac i ty  
p l a t e s ,  t h ree  days were requi red  t o  ob ta in  a l l  18 x-ray 
p a t t e r n s .  
Because only s ix  
a .  Room Temperature - 25OC 
The x-ray d i f f r a c t i o n  p a t t e r n  f o r  the  p o s i t i v e  
p l a t e  of c e l l  21 was obtained a f t e r  a 24 hour 
s tand,  and appears i n  Figures  2 and 3. The pa t -  
t e r n  f o r  p l a t e s  from c e l l s  5 and 20 which w e r e  a l s o  
analyzed, but on two subsequent days, and t h e i r  
pa t t e rns  appear i n  Figures  4 and 5,  and 6 and 7 
respec t ive ly .  Figures  2 ,  4,  and 6 represent  
pa t t e rns  for  "wet" p l a t e s .  Figures  3, 5, and 7 
a r e  pa t t e rns  obtained from "dry" p l a t e s .  
b. Elevated Temperature - 5OoC 
Af ter  24 hours of charged s tand a t  5OoC, c e l l s  
were discharged a t  0.500 ampere t o  1.25 v o l t s .  
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C e l l  number 27 required 4 minutes t o  reach t h a t  v o l t -  
age; c e l l  15 required 5 minutes, and c e l l  28 needed 
6 minutes. This corresponds t o  cel ls  from the  low, 
medium and high capac i ty  groups r e spec t ive ly .  
After  discharge the  p o s i t i v e  p l a t e s  from c e l l  28 were 
immediately analyzed by x-ray d i f f r a c t i o n .  
four hours l a t e r  the  p o s i t i v e s  from c e l l  15 w e r e  
analyzed, and 48 hours la te r  those from c e l l  27 were 
analyzed. X-ray d i f f r a c t i o n  p a t t e r n s  appear i n  Fig-  
u re s  8 and 9,  10 and 11, 12 and 13 re spec t ive ly .  The 
even numbered f i g u r e s  correspond t o  w e t  p l a t e  p a t t e r n s ,  
while the  odd numbered f i g u r e s  correspond t o  d ry  p l a t e  
pa t t e rns .  
Twenty- 
c .  Low Temperature - 10°C. 
After  a charged stand a t  10°C f o r  24 hours, cel ls  were 
discharged a t  0.500 ampere t o  1.25 v o l t s .  A l l  t h r ee  
ce l l s  required 7 minutes t o  reach 1.25 v o l t s .  
P l a t e s  from c e l l  24 were immediately x-rayed while 
p l a t e s  from c e l l  10 and 25 were x-rayed 24 and 48 
hours l a t e r .  The x-ray p a t t e r n s  appear i n  Figures  14 
and 15, 16 and 1 7 ,  18 and 19 r e spec t ive ly .  Again the  
even numbers correspond t o  the  w e t  p l a t e s  and the  odd 
t o  the  dry.  
3. Tests of P l a t e s  and Nickel Hydroxide by X-ray Analysis 
P o s i t i v e  p l a t e s  of  t he  type described above were charged 
a t  t he  C/6 (100 m a )  f o r  16 hours aga ins t  excess negat ive cap- 
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a c i t y .  These represented charged p l a t e s .  To obta in  a d i s -  
charge p l a t e ,  a charged p l a t e  was shorted through a 1 ohm 
r e s i s t o r  f o r  3 hours. Figure 20 shows an x-ray d i f f r a c t i o n  
p a t t e r n  f o r  an unimpregnated s i n t e r e d  n i c k e l  p l a t e  (dry) .  
Figure 21 shows an x-ray d i f f r a c t i o n  p a t t e r n  f o r  Ni(OH)2 
powder. 
Figure 22 is  the  pa t te rn  f o r  a s i n g l e  shee t  of polyethylene.  
The p a t t e r n  of an unimpregnated s i n t e r e d  p l a t e  covered 
with one layer  of polyethylene shee t  appears i n  Figure 23. 
Figures  24 and 25 show x-ray p a t t e r n s  of charged p l a t e s  
examined i n  w e t  condi t ion covered with polyethylene and i n  
t h e  dry  condi t ion  respec t ive ly .  
Figures  26 and 27,  respec t ive ly ,  show x-ray p a t t e r n s  f o r  
"wet" and "dry" discharged p l a t e s .  
4.  D i f f e ren t i a  1 Therma 1 Ana ly s i s  
Figure 28  shows an automatic p l o t  of a DTA diagram f o r  
Ni(N03)2'6H20. Figure 29 i s  a p l o t  f o r  Ba(N03)2. The m e l t -  
ing poin t  and boi l ing  poin t  f o r  Ni(N03)2*6H20 correspond 
c l o s e l y  t o  the  d ips  i n  the  curve Figure 28. The d i p  i n  
Figure 29 occurs a t  a somewhat higher  temperature than the  
melt ing poin t  of a Ba(N03)2. 
Ni(OH)2 powder done by dua l  t r a c e  (See Appendix 11). 
Figure 30 is a MIA diagram f o r  
A DTA diagram for  N i O  powder i s  shown i n  Figure 31. 
Figures  32, 33, and 34 show MIA diagram f o r  discharged p l a t e s ,  
the  f i r s t  two wi th  no s tand ,  t he  t h i r d  a f t e r  a 48 hour s tand.  
Figures  35,36, and 37 show DTA diagram f o r  charged 
p l a t e s ,  unformed, formed, and a f t e r  24 hours s tand respec-  
t i v e  l y  . 
5. 
was 
f o r  
2 1 .  
Special  T e s t  - Tubular P la t e s  
The s t e e l  material  from which tubular containers  were made 
subjected t o  a "charge" a t  a cur ren t  dens i ty  of 25 ma/in. 2 
17.5 hours. The samples which weighed about 1 .2  grams 
showed negl ig ib le  weight losses  amounting t o  less than 6 p a r t s  
per 10,000. This shows t h a t  cur ren t  does not e f f e c t  the i n e r t  
s teel  pa r t  of t h e  tube p l a t e s .  
C. DISCUSSION 
1. Cycling of Sintered P la t e s  
The knee of t he  f i r s t  vol tage plateau was taken a s  the 
point  of comparison of c e l l  capaci ty .  
t y p i c a l  discharge curve Figure 38, t h i s  represents  the only 
sharp break i n  the constant load discharge curve. The knee 
usua l ly  occurred a t  1.18 v o l t s  and dropped sharply t o  0 . 7  
v o l t s .  
11 graphitic" l eve l .  This lower l eve l  may correspond t o  ab- 
sorbed oxygen. The p o t e n t i a l  of the p o s i t i v e  e lec t rode  a t  
the c e l l  vol tage of 0.7 i s  about -0.1 t o  -0.2 v o l t s  (Hg/HgO). 
This i s  j u s t  about t h e  value of p o t e n t i a l  observed ( i n  t h i s  
laboratory) f o r  oxygen consumption on a p o s i t i v e  e lec t rode  
v i a  the perhydroxyl mechanism. The t h e o r e t i c a l  capaci ty  
based on the  posi t ive p l a t e  i s  equal t o  1.5 AH per ce l l .  
average c e l l  vol tage during discharge i s  about 1 . 2  v o l t s .  
Hence, fo r  a 2 . 4 S .  r e s i s t o r  the capac i ty  of each c e l l  ex- 
pressed i n  t i m e  should be 180 minutes. The a c t u a l  capac i ty  
on the  6th.  constant load cycle  was lower, due t o  the cut-off 
point chosen. A s  shown by the two constant  cur ren t  discharge 
As can be seen i n  the  
The capacity below t h i s  point  corresponds t o  the 
The 
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cyc les ,  the  a c t u a l  capaci ty  i s  less than 100% of t h e o r e t i -  
c a l  (it i s  about 85% of t h i s )  even when 0 v o l t s  i s  chosen 
a s  the  cut-off  point .  Theore t i ca l  capac i ty  is  usua l ly  
obtained,  however, a t  lower discharge r a t e s .  I n  t h i s  
laboratory a C/50 discharge r a t e  w i l l  y i e l d  t h e o r e t i c a l  
capac i ty .  
2 .  Preparatory Self-Discharge Measurements and Analysis 
a .  High Temperature (5OOC) 
The discharge a t  0.500 ampere t o  1.25 v o l t s  i nd i -  
c a t e s  some c o r r e l a t i o n  between o v e r a l l  c e l l  cap- 
a c i t y  and capaci ty  t o  1 . 2 5  v o l t s .  The low capac i ty  
c e l l  required 4 minutes, the  middle capac i ty  c e l l  
5 minutes, and the  high capac i ty  ce l l  6 minutes t o  
t h a t  vol tage.  
b. Low Temperature (lO°C) 
A l l  c e l l s  required 7 minutes t o  reach  1.25 v o l t s  
when discharged a t  0.500 ma. N o  c o r r e l a t i o n  seems 
t o  e x i s t  a t  l o w  temperatures,  however, t h i s  may be 
due t o  the  slower se l f -d ischarge  r a t e .  
Preliminary Analysis of X-ray Data 
The x-ray data w a s  obtained a t  t he  very end of the  
qua r t e r .  Only prel iminary ana lys i s  of the  da t a  was 
made, but i t  can be seen t h a t  t he re  i s  considerable  
d i f f e rence  between x-ray p a t t e r n s  run on wet plates  
and those run on dry p l a t e s .  
from the  x-ray p a t t e r n s  a r e  t h a t  ( 1 )  t i m e  lag r e s u l t s  
c .  
Other observat ions 
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i n  smaller peaks both f o r  wet and dry p l a t e s  a t  
a l l  temperatures, and ( 2 )  d i f f e r e n t  s torage  temp- 
e r a t u r e s  do not s e e m  t o  e f f e c t  x-ray pa t t e rns  a 
g rea t  d e a l  during the  i n i t i a l  ( f i r s t  24  hours) s tand.  
3 .  Specia l  Tests - Charped and Discharged P l a t e s  
X-ray analyses  were run on unimpregnated s in t e red  n i cke l  
p l a t e s  and on n icke l  hydroxide. These x-ray d i f f r a c t i o n  
p a t t e r n s ,  Figures  20, 2 1  r e spec t ive ly ,  w e r e  used a s  a Cal i -  
b r a t i o n  f o r  comparison of o ther  p l a t e s  t e s t ed .  Table I1 
shows the  "d" spacings f o r  these  x- rays .  
show the  'Id" spacings and t h e i r  r e l a t i v e  i n t e n s i t i e s .  A l l  
x-ray d i f f r a c t i o n  diagrams of w e t  p l a t e s  w e r e  observed with 
the  p l a t e s  encapsulated i n  polyethylene.  An x-ray d i f f r a c -  
t i o n  diagram of polyethylene i s  shown i n  Figure 22 ,  and the  
determined '@d" spacings a r e  l i s t e d  i n  Table I. To show t h a t  
t he  in t roduct ion  of polyethylene on a p l a t e  does not have 
any s i g n i f i c a n t  e f f e c t  on the  x-ray d i f f r a c t i o n  diagram of 
the  p l a t e ,  an x-ray was taken of an unimpregnated s i n t e r e d  
n i c k e l  p l a t e  wrapped i n  polyethylene and i s  shown i n  Fig- 
u re  23.  It can be seen t h a t  Figure 23 i s  a composite of 
Figures  20 and 22. 
Figures  20 and 21 
Two charged pos i t ive  p l a t e s  were t e s t e d ,  t he  f i r s t  being 
removed from the  cel l  w e t ,  and x-rayed, t he  second being r e -  
moved from the  c e l l ,  washed i n  d i s t i l l e d  water ,  vacuum 
dr i ed ,  and then x-rayed. The x-ray d i f f r a c t i o n  diagrams 
of the w e t  and dr ied  p l a t e s  can be seen i n  Figures  24 and 25 
r e spec t ive ly .  The two x-rays a r e  d i f f e r e n t .  Some "dd" spac- 
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ings were present  i n  the w e t  p l a t e  and were not apparent i n  
the  dry p l a t e ,  and the reverse  was a l s o  t r u e .  
ences appeared i n  the  region of "d" spaces g rea t e r  than 2 . 0 3 .  
Addit ional ly ,  i n  the  wet p l a t e  t he  background was increas ing  
wi th  decreasing "d" spacing, w h i l e  i n  t h e  dry  p l a t e ,  t he  
background was e s s e n t i a l l y  cons tan t .  
present  i n  o ther  w e t  and d ry  p l a t e s  t e s t e d .  
These d i f f e r -  
These phenomena were 
The x-ray d i f f r a c t i o n  diagrams f o r  two discharged posi-  
t i v e  p l a t e s  a r e  shown i n  Figures  26 and 27, the  former being 
a w e t  p l a t e ,  the  l a t t e r  a dry  p l a t e .  A comparison of these  
two x-rays show e s s e n t i a l l y  t h e  same r e s u l t s  discussed i n  
the  previous paragraph. Since the  drying of t he  p l a t e s  ob- 
v ious ly  causes a change i n  the  p l a t e s ,  and f o r  these  exper i -  
mental s tud ie s  p l a t e s  of an a c t i v e  ce l l  a r e  t o  be observed, 
f u r t h e r  comparisons will only be made f o r  w e t  p l a t e s .  
A comparison of a w e t  charged p l a t e  t o  a w e t  discharged 
p l a t e ,  Figures  24 and 26 r e spec t ive ly ,  pointed up two s i g n i f -  
i c a n t  phenomena. F i r s t ,  the  background and the  peak.s appear 
t o  be suppressed i n  the discharged p l a t e  although both x-ray 
d i f f r a c t i o n  diagrams w e r e  taken using the  same s c a l e  f a c t o r s .  
This has not  been checked f o r  r e p e a t a b i l i t y ,  and poss ib ly  i t  
i s  an operator  e r r o r ,  but  never the less  it should be s tudied  
f u r t h e r .  Addit ional ly ,  the  reg ion  of "d" spacings g r e a t e r  
than 2.03 show t h a t  changes have occurred. This por t ion  of 
the  spectrum w i l l  be observed wi th  g rea t e r  accuracy t o  de- 
termine i f  more s igni f icance  can be obtained.  
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4 .  D i f f e r e n t i a l  Thermal Analysis 
The thermograms which can be compared a r e  Figures  33 
with 3 4 ,  and Figure 34 with  Figure 3 6 .  
run a t  t he  same s e n s i t i v i t y ;  1 mV/in. 
A l l  of these  were 
The comparison between two d i f f e r e n t  discharged p l a t e s ,  
one with no s tand and the  o the r  with a 48 stand (Figures 33 
and 3 4 )  shows a m i n i m u m  o r  d i p  a t  5179 f o r  both. 
without s tand seems more endothermic. 
The p l a t e  
When comparing the charged p l a t e ,  Figure 3 4 ,  with the  
discharged p l a t e ,  Figure 3 6 ,  it can be seen t h a t  the  charged 
p l a t e  does not exhib i t  t h e  minimum a t  517OF which the  d i s -  
charged p l a t e  exh ib i t s .  
The thermograms for  the  oxide and hydroxide of n i cke l  
(Figures 30 and 31) are s i g n i f i c a n t  because of t h e i r  d i f f e r -  
ences.  
A t  t h i s  point  we can only say t h a t  t h i s  method of anal-  
y s i s  may be use fu l .  New thermocouples a r e  on order  t o  in -  
c rease  the  s e n s i t i v i t y  and the  range of the  DTA apparatus.  
We a l s o  plan t o  run  t e s t s  i n  i n e r t  and reducing atmospheres 
a s  w e l l  a s  t he  oxidizing atmosphere. This i s  t o  br ing  i n  
any poss ib l e  pyro ly t ic  r eac t ions  and reduct ion  r eac t ions .  
I n  a i r ,  oxidizing reac t ions  a s  we l l  a s  phase t r a n s i t i o n s ,  
y i e l d  s i g n i f i c a n t  thermograms. 
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I V .  WORK PLANNED FOR THE SECOND QUARTER 
A .  ANALYSIS OF X-RAY PATTERNS 
The x-rays obtained from s in t e red  p l a t e  p o s i t i v e s  a t  the  end 
of t h i s  qua r t e r  w i l l  be thoroughly analyzed by comparing peaks t o  ASTM 
cards  and s tandards.  
B. PREPARATION OF POCKET PLATE CELLS AND TESTING 
Th i r ty  pocket p l a t e  c e l l s  w i l l  be prepared and cycled s imi l a r  
t o  procedures used f o r  s in t e red  p l a t e s .  Each c e l l  w i l l  c o n s i s t  of one 
pocket o r  tubular  p l a t e  wrapped with separa tor  and completely surround- 
ed by a negat ive p l a t e  of excess capac i ty .  
Af te r  s e l e c t i o n  of c e l l s  with l i k e  capac i ty  and charged s torage  
a t  25, 10 and 5OoC, these  p l a t e s  w i l l  be analyzed by x-ray and chemical 
means. 
C.  SPECIAL TESTS TO DETERMINE DIFFERENT EFFECT ON POSITIVE PLATE 
CHARACTERISTICS BETWEEN SEALED AND VENTED CHARGE 
The experimental  handling of a la rge  number of c e l l s  i s  much 
simpler a s  vented c e l l s  than a s  sea led  c e l l s .  I n  order  t o  j u s t i f y  such 
a procedure, some pas t  experimental f ind ings  a r e  requi red  i n  add i t ion  
t o  a s p e c i f i c  t es t .  
The usua l  d i f f e rences  between sea led  and vented nickel-cadmium 
c e l l s  l i e s  i n  the  suppression of hydrogen from the  negat ive e l ec t rode ,  
and i n  a decrease of t he  amount of e l e c t r o l y t e .  As a consequence of 
s ea l ing  a t h i r d  d i f f e rence  a r i s e s ;  t h a t  i s  a vented c e l l  anode i s  
overcharged a t  constant  pressure while the sea led  c e l l  anode is  over- 
charged a t  an increasing pressure.  
The hydrogen suppression i s  dependent upon the  cathode, and 
so r equ i r e s  no f u r t h e r  a t t e n t i o n .  
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The increasing pressure during sealed c e l l  charge a f f e c t s  
t he  p o t e n t i a l  of the  anode. A t  t he  end-of-charge, the  p o t e n t i a l  
determining anode process is tha t  of an oxygen producing e l ec t rode .  
The p o t e n t i a l  of such an e lec t rode  is  dependent upon pressure .  
t he  anode i n  a sealed c e l l  does become more anodic a s  oxygen pressure  
increases .  (See Power Sources Conf. 1962, Seiger  e t  a l i a ) .  
Thus 
A good test  f o r  the  s i m i l a r i t y  of compounds appears,  then, 
t o  be based on the  number of coulombs t h a t  may be passed through an 
anode during charge before  t h e  pressure s t e p  i s  encountered. This 
should be done in"ventedss  and"sealedrB condi t ions.  The vented eon- 
d i t i o n  w i l l  be a flooded ce l l .  The sea led  condi t ion  w i l l  be a c e l l  
with no excess e l e c t r o l y t e .  The l a t t e r  w i l l  be done f i r s t .  A sea led  
ce l l  with a pressure  transducer w i l l  be prepared. The c e l l  w i l l  be 
evacuated and then charged. The po in t  a t  which the  pressure  s t a r t s  
t o  r i s e  w i l l  be determined. The c e l l  w i l l  then be flooded and a i r  ad- 
mi t ted .  The c e l l  w i l l  then be closed o f f .  The p laces  then w i l l  be i n  
a s e t  of experimental  conditions a t  t he  time of i n i t i a l  p ressure  r ise 
t h a t  w i l l  be completely equivalent t o  vented c e l l s .  
coulombs passed i n  these  two cases w i l l  then be evidence f o r  t he  f o r -  
mation of i d e n t i c a l  o r  d i f f e r e n t  compounds. The assumption being t h a t  
an i d e n t i t y  of coulombs t o  charge the  n i c k e l  hydroxide means an i d e n t i t y  
of compounds, 
The number of 
D. THE EFFECTS OF SEVERAL ATMOSPHERES ON D.T.A.  STTIDIES 
D i f f e r e n t i a l  thermal ana lys i s  w i l l  be made with p l a t e  mater- 
i a l  and s tandards under i n e r t  oxidizing and reducing atmospheres. 
E .  SHELF LIFE TESTS FOR SINTERED PLATE POSITIVES WILL CONTIWE 
F .  WORK ON FAST DECAY OXIDE STUDIES - PHASE I1 - WILL BEGIN 
The schedule is moving along a t  about t he  r a t e  s e t  i n  t he  
work plan of the  F i r s t  Monthly S ta tus  Letter. 
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APPENDIX I. 
MIXED SOLUTION ELECTRODES 
Because of the shift of X-ray lines, it had been suggested that 
Ni(OH) and NiOOH form mixed solutions. This can be tested by investi- 
gating the slope of the Nernst equation. 
2 
Consider the reaction: 
(1) NiOOH + H 0 + e -> Ni(OH)2 + OH 
2 
The Nernst equation is given by: 
(2) E = Eo - 0.06 log 
- - 
bi~~i] aH20 
L j a O H -  
Since the concentration of electrode is not altered much by 
the state-of-chargey one may write 
1 Iiimil 
(3) E = Eo - 0.06 logLNF(OH)g 
The concentrations are stated as mole fraction. Let N = 
mole fraction of Ni(0H) and N = mole fraction of NiOOH. Since 
No + N = 1, equation (3) becomes: 
2 0 
r 
1 -Nr 1 
( 4 )  E = Eo - 0.006 log Nr 
The equation can hold only when an electrode is poised in the sense 
that the argument of the logarithm does not approach zero nor infinity. 
Hence, the change of open circuit potential of a positive electrode may 
be determined at, say, 50% charged and 10% charged. N is 0.5 and 0.9 
respectively for these conditions. 
r 
The change of potential between 
these points is calculated to be 57 mV. 
evidence for a solid solution. 
Such a change is additional 
In  a recent  paper Conway and Gileadi  (Electrochem. Society 
Meeting, Boston, 1962) were able  t o  show t h a t  over a range of oxida- 
t i o n  from 20% t o  50% charged, the n icke l  oxide exh ib i t s  a constant r e -  
v e r s i b l e  p o t e n t i a l .  Up t o  10% charged, there  i s ,  perhaps, a surface 
phase t h a t  is  being charged. Al te rna t ive ly ,  the  NiOOH may have 
reached i t s  l i m i t  of  s o l u b i l i t y  in  N i ( O H ) 2 .  
B 
The f a c t  t h a t  Conway and Gi leadi ' s  ca re fu l  measurements 
show a constancy over 10% t o  50% state-of-charge implies t h a t  a t  
l e a s t  for  the major p a r t ,  t h a t  p NiOOH i s  insoluble  i n  Ni(OH)2. The 
calculated change between these points  i s  57mV and the measurements were made 
t o  one-tenth of a m i l l i v o l t .  No doubt e x i s t s  as t o  the conclusion. 
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TABLE I 
CYCLING DATA 
TIME TO 0 VOLTS 
1 2 
TIME TO KNEE OF FIRST PLATEAU 
CELL NO. PRELIMINARY CYCLE 6" CONSTANT LOAD CYCLE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
164 
190 
175 
170 
182 
164 
161 
175 
175 
175 
162 
165 
178 
120 
162 
170 
160 
165 
165 
155 
170 
170 
160 
168 
160 
160 
155 
155 
165 
170 
142 
146 
145 
15 7 
160 
110 
150 
161 
15 7 
161 
95 
153 
15 7 
95 
130 
159 
152 
155 
144 
141 
148 
148 
144 
148 
142 
142 
143 
143 
141 
144 
150 
18 5 
150 
150 
147 
70 
70 
165 
147 
142 
130 
155 
154 
147 
138 
135 
70 
85 
145 
152 
150 
182 
152 
138 
18 0 
140 
15 7 
150 
138 
M 
M 
M 
M 
H 
M 
L 
H 
H 
M 
L 
L 
L 
H 
M 
H 
L 
L 
H 
H 
L 
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TABLE I1 
X-RAY "D" SPACINGS 
CHARGED CHARGED 
SINTERED SINTERED N i  PLATE WET PLATE DISCHARGED DISCHARGED 
NICKEL Ni(OH) POLYETHYLENE IN POLYETH. I N  POLYETH. DRY PLATE WET PLATE DRY 
2.03 4.56 4.12 4.16 6.95 4.36 6.69 
1.76 3.76 2.48 2.47 3 -50  4.12 6.49 
1.246 3.71 4.12 2.03 2.03 2.38 2.47 4.51 
1.242 3.02 2.42 1.76 1.76 2.02 2.03 4.12 
1.061 2.69 1.24 1.24 1.75 1.76 3.50 
1.051 2 - 3 4  1.06 1.06 1.24 1.24 3.43 
2.03 1.01 1.06 1.060 3.37 
1.56 2 .oo 
1 .94  1.01 2.64 
1.75 2 .31  
1.48 1.74 
1.33 1 .54  
1.29 1.52 
1.28 1.40 
1.23 
1.053 
1 008 
HOLE 
CfIROMEL 
ALUMEL 
THERMOCOUPLES 
- +  
FIG. 1 - D.T.A. HEATING BIRCK 
1-1 To Abscissa of the X-Y Recorder 
2-2 To Ordinate of the X-Y Recorder 
GULTON INDUSTRIB 1Nc. 
MEFlICHZIN, N. 1. 
SAMPIE 
METAL BIRCK e 
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